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ABSTRACT

1722¢

This Memorandum presents a preliminary summary of the data

received from the Mariner-1I solar plasma experiment for the period
August 29 through October 31, 1962. During this period, there was
always a measurably large plasma flow from the direction of the Sun.

The velocity of this ion motion was generally in the range 400 to

700 km/sec. Time variations, plasma density, and ion temperature are

also discussed.

I. GENERAL RESULTS

Descriptions of the Mariner-1I electrostatic spectrom-
eter for measurement of the solar plasma have been given
elsewhere (Ref. 1 and 2). The experiment consists of a
single electrostatic spectrometer which always points
within less than 2 deg of the center of the Sun. For a
given voltage across the deflection plates, charged parti-
cles within a certain range of kinetic energy per unit
charge, E/Q, and with near normal incidence, are allowed
through to the charge collector; the current to this col-
lector is measured for each of 10 deflection voltages. After
a current measurement with a zero deflection voltage and
an electrometer calibration measurement, the 3.696 min
cycle of 12 measurements is repeated. The spectrometer
angular and E/Q resolutions are approximately =10 deg
and =12%, respectively (widths at zero height ). The reso-
lution of the current measurement is one tenth of a
decade, and the area of the spectrometer entrance is
5 cm?.

Data were received from the interplanetary experi-
ments on Mariner-1I almost continuously from August 29
through October 31, 1962. In this period, approximately

23,550 plasma spectra were received from the spacecraft
of which approximately 20,200 have already been made
available for analysis.

One of the principal results discovered by the Mariner
plasma experiment is that there was always a measurably
large plasma flow from the direction of the Sun. The data
from this experiment are summarized in Fig. 1 which
contains eight plots of the logarithm of the collected
current vs. time—one for each value of E/Q between 516
and 8224 v, Each bar represents the total spread in meas-
ured current for the time interval of 1 frame-count cycle
= 256 measurement cycles = 15.77 hr.

The lines marked 130 and 140 correspond to approxi-
mately 10! and 102 amp, respectively, so that the
vertical distance between these lines is equivalent to one
decade of collected current. The base line corresponds to
a current of approximately 10-** amp. Currents below
about 3 X 10-*® amp are too small to charge the electrom-
eter capacitance completely and must be measured by
calculation of accumulated charge. This latter method of
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current measurement, although less accurate than the
direct measurement method used at higher currents,
allows estimates to be made of currents down to about
10** amp. Only for one period of about 20 min was the
plasma flux so low that this accumulated charge method
of current measurement was required for all values of
E/Q. The largest current observed during the 63 day
period was about 4 X 10'° amp. Measurements were
also made at values of E/Q = 231 and 346 v; however,
the currents in these ranges of E/Q are not plotted be-
cause they were always below 10-* amp.

From Fig, 1 it can be seen. that there was almost always
a plasma flux at values of E/Q = 1664 and 2475 v (cor-
responding to particle velocities of 563 and 690 km/sec).
Only on occasion during this period did E/Q become as
low as 516 v (314 km/sec) or as high as 8224 v (1250

km/sec).

Table 1 is a summary of the fraction of time the peak
of the measured spectrum fell in each of the windows of

E/Q.

Table 1. Distribution of E/Q

percent of time measured
percent of time measured . .
A A current in two adjacent
E]Q current in this E/Q was channels of £/Q was
the maximum
approximately equal
516 volts 0.0
0.2
751 18.3
2.0
1124 22.5
2.2
1664 30.5
4.0
2476 19.9
0.1
3688 0.3
TOTAL: 91.5 + 8.5=100%
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Fig. 1. Summary of solar plasma data, August 20 through October 31, 1962

JPL. TECHNICAL MEMORANDUM NO. 33-111

T,~Q log current

DSC OUTPU



JPL TECHNICAL MEMORANDUM NO. 33-111

. GEOMAGNETIC STORM

There were six geomagnetic storms during the period
August 29 through October 18. Figure 2 shows the plasma
flux for the period of the geomagnetic storm which started
at 2025 UT, October 7. One could see a sudden increase
in plasma flux and energy at about 1547 UT, October 7,
when the spacecraft was 8.55 X 10¢ km closer to the Sun
than was the Earth. If it is assumed that this plasma
front was advancing with spherical symmetry and con-
stant velocity from the center of the Sun (at least for the
region of space containing the spacecraft and the Earth),
then the velocity of the front was 504 km/sec. This veloc-
ity corresponds fairly well to the measured plasma
velocity spectrum in which more current was measured
at 464 km/sec than at 379 or 563 km/sec.

The discontinuity, or plasma front, passed the space-
craft so quickly that the instrument with its 3.7 min time
resolution could not resolve its structure, which must
therefore be less than 112,000 km thick. The Mariner
magnetometer data for this period could be interpreted
as showing a front thickness of the order of 50,000 km.

‘during this period, which Table 2

Another interesting feature of the plasma spectrum
and Fig. 2 show, is
that the energy of the ions in the plasma kept increasing
for approxxmate]y one day after the passage of the initial

front. Similar behavior was exhibited by the plasma

spectra associated with most of the other geomagnetic
storms.

Table 2. Increase of plasma energy with time for
October 7 geomagnehc storm

Value of E/Q for which the

Time largest current is observed

Before 1547, Oct. 7 751 v

1547 to0 2130, Ocl. 7 1124 v

2130, Oct. 7 1o 0015, Oct. 8 1124 and 1664 v approximately
equal

0015 to 0230, Oct. 8 1664 v

0230 to 0500, Oct. 8 1664 and 2476 v approximately
equal

0500 to 1545, Oct. 8 2476 v

Alternates between (2476 and
3688 v approximately equal) and

1545, Oct. 8 to 0330, Oct. 9

2476 v
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lll. SELECTED SPECTRA AND PRELIMINARY CONCLUSIONS

A few selected spectra are given in Fig. 3. An outstand-
ing feature of many of the spectra is the presence of two
peaks with the lower-voltage peak being the higher of
the two. Because of the relatively wide spacing of values
of E/Q for which the flux was measured, it is not possible
to prove whether or not two peaks were always present.
It is believed that the most probable explanation for the
presence of two peaks is that the lower-voltage maximum
is due to protons while the higher-voltage maximum is
due to alpha particles with approximately the same bulk
velocity as the protons (and thus twice the value of E/Q).

Another consequence of the wide spacing of values of
E/Q is the difficulty in determining the density and tem-
perature of the plasma. Estimates have been made for
only a few spectra so far. The values for the spectra in
Fig. 3a and 3f were estimated based on a model in which
the plasma flows directly from the Sun with a bulk veloc-
ity v,, density n, a proton temperature T in the direction
of motion, and zero proton temperature perpendicular to
the direction of motion, with the following results:

Spectrum 3a

v, = 460 km/sec
n = 2.5 cm™
T=19X10°K

Spectrum 3f

v, = 810 km/sec
n=45cm™

T =74X10°°K

These figures were based on the further assumption that
the currents at the three lowest values of E/Q were due
to protons only.

Another model which we hope soon to be able to com-
pute has equal proton temperatures parallel and perpen-
dicular to the direction of motion. In this respect, it
should be noted that the plasma flow observed by
Explorer X was estimated to have ion temperatures of
the order of 10° and 10° °K perpendicular and parallel
to the bulk velocity, respectively (Ref. 3),

If we assume that the values of v,, n, and T given
above are approximately correct, and further assume an
average value for the interplanetary magnetic field of
B = 5 gamma = 5 X 10 gauss, we can compute the
following important parameters for spectrum 3a, which

are fairly representative of quiet, non-storm conditions
in interplanetary space:

Plasma flux = nv, = 1.2 X 10® cm™%sec™.

Plasma energy density = n (i

1
5 mo? + ?kT>

~

nmo? = 4.4 X 10 ergs cm™.

tof —

Magnetic field energy density = B2/8r = 1.0 X 107

ergs cm™,

Alfvén velocity = v, = B/\/dzmn = 69 km sec™
UO/UA =6.7.

The following conclusions can be made from these
computations:

1. The plasma flux is in good agreement with the
values found by Explorer X (Ref. 3) and by the ion traps
on the Luniks (Ref. 4).

2. The plasma velocity, v,, however, appears to be
about 50% greater than that observed close to the Earth
by Explorer X. In general, the difference is even greater
because spectrum 3a has a somewhat lower than average
value of v,, as can be seen from Table 1. The measured
velocity agrees fairly well with the value predicted from
Parker’s “solar wind” theory (Ref. 5 and 6), but it is
much higher than the values predicted by “solar breeze”
theories (Ref. 7 and 8) and from the observation of
comet-tail orientations (Ref. 9).

3. The plasma energy density is greater than the energy
density of the magnetic field by a factor of 44. Thus we
may conclude that the magnetic field in interplanetary
space is carried along by the plasma with the field giving
little or no hindrance to the plasma flow.

4. The flow of plasma about the Earth and its mag-
netosphere is supersonic in the sense that the flow
velocity is greater than the Alfvén velocity, probably a
necessary condition to produce the predicted bow shock
wave (Ref. 10 and 11).
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Fig. 3. Selected plasma spectra
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